Spectroscopic and kinetic properties of recombinant choline oxidase from Arthrobacter globiformis.
Choline oxidase catalyzes the four-electron oxidation of choline to glycine betaine, with molecular oxygen acting as primary electron acceptor. Recently, the recombinant enzyme expressed in Escherichia coli was purified to homogeneity and shown to contain FAD in a mixture of oxidized and anionic semiquinone redox states [Fan et al. (2003) Arch. Biochem. Biophys., in press]. In this study, methods have been devised to convert the enzyme-bound flavin semiquinone to oxidized FAD and vice versa, allowing characterization of the resulting forms of choline oxidase. The enzyme-bound oxidized flavin showed typical UV-vis absorbance peaks at 359 and 452 nm (with epsilon(452) = 11.4 M(-1) cm(-1)) and emitted light at 530 nm (with lambda(ex) at 452 nm). The affinity of the enzyme for sulfite was high (with a K(d) value of approximately 50 microM at pH 7 and 15 degrees C), suggesting the presence of a positive charge near the N(1)C(2)=O locus of the flavin. The enzyme-bound anionic flavin semiquinone was unusually insensitive to oxygen or ferricyanide at pH 8 and showed absorbance peaks at 372 and 495 nm (with epsilon(372) = 19.95 M(-1) cm(-1)), maximal fluorescence emission at 454 nm (with lambda(ex) at 372 nm), circular dichroic signals at 370 and 406 nm, and an ESR peak-to-peak line width of 13.9 G. Both UV-vis absorbance studies on the enzyme under turnover with choline and steady-state kinetic data with either choline or betaine aldehyde were consistent with the flavin semiquinone being not involved in catalysis. The pH dependence of the kinetic parameters at varying concentrations of both choline and oxygen indicated that a catalytic base is required for choline oxidation but not for oxygen reduction and that the order of the kinetic steps involving substrate binding and product release is not affected by pH.